Introduction
Extracellular proteins belong to the compounds that participate in the regulation of embryogenesis and originate mostly from cell walls of cultivated plant explants. Chitinases, glucanases [1] , peroxidases [2] , lipid transferases [3] , and arabinogalactan proteins [4] are the most studied extracellular proteins. Chitinases, glucanases and peroxidases are pathogenesis related (PR) proteins, which play an important role in plants against different stress factors and pathogens.
Chitinases are polyglycanhydrolases, which catalyse the hydrolysis of chitin, the main component of the fungal cell wall and the outer skeleton of insects and some sea animals [5] . In normal conditions, chitinases are expressed in low levels in some organs during specific developmental phases, suggesting that some may participate in the processes of development and growth [6] [7] [8] . Expression of many chitinases is induced by biotic [9, 10] and abiotic stimuli [11] . Therefore, their function in defense mechanisms is well known and documented [12] [13] [14] .
Many experimental results have proven that extracellular chitinases and glucanases play an important role in the development of gymnosperm [15] [16] [17] [18] [19] and angiosperm somatic embryos [20] [21] [22] [23] [24] [25] . The regulatory function of chitinases in the process of somatic embryogenesis consists of the ability to digest arabinogalactan proteins present in cell walls. In consequence, the chemical structure of cell wall polymers is changed as well as the mechanical characteristics -i.e. the thickness and size, resulting in a change of direction during cell division [1, 26, 27] . This hydrolytic ability of chitinases was observed in embryogenic cell lines of Pinus caribea [16] and Daucus carota [8] . Chitinases can regulate somatic embryogenesis by participating in the production or degradation of lipochitooligosaccharides [28] . While the effect of a chitinase isolated from Streptomyces griseus consisted of lipochitooligosaccharide production in embryogenic cultures of Daucus carota, a chitinase secreted by somatic cells of Picea abies degraded lipochitooligosaccharides in similar cultures [20, 29] .
Generally, the induction of chitinases is concurrent with the induction of specific β-1,3-glucanases [30, 31 and others]. β-1,3-Glucanases catalyse the hydrolytic cleavage of β-1,3-glucan bonds in glucan, which is an important component of plant and fungal cell walls. Glucanases are PR-2 type proteins and are present in all investigated higher plants. Induction of glucanases in plants occurs when plant defence mechanisms against pathogens are activated [10, [32] [33] [34] [35] and in plant defence reactions induced by wounding, coldness, ozone and UV radiation. Recent studies confirm that these glucanases have a role in many physiological and developmental processes in uninfected plants [5, 35] , e.g. microsporogenesis, cell division, embryogenesis, reproduction, accumulation of storage compounds in the endosperm, fruit ripening and germination of seeds [36] . Glucanases can be localised in vacuoles, or can be secreted by cells into extracellular space [35] .
The aim of the present paper was to evaluate the role (if any) of glucanses and chitinases in the process of somatic embryogenesis in an experimental coniferous system.
Experimental Procedures
All together, 18 embryogenic cell lines of Pinus nigra Arn. and seven embryogenic cell lines of hybrid firs (Abies alba x A. cephalonica and A. alba x A. numidica) with different embryogenic potential were used in this study. Embryogenic cell lines were initiated from immature zygotic embryos of Pinus nigra Arn. enclosed in megagametophytes on DCR medium [37] , supplemented with 2,4-D (2,4-dichlorophenoxy acetic acid, 2 mg dm ) and sucrose 2%. The medium was solidified with gelrite 0.3%.
Medium of the same composition was used for the maintenance of embryogenic tissues. The embryogenic cell lines of hybrid firs were induced and maintained on DCR medium supplemented with BAP (1 mg dm -3 ), enzymatic caseinhydrolysate (1,000 mg dm -3 ), glutamine (500 mg dm 3 ) and sucrose 2%, and solidified with gelrite 0.3%. Embryogenic potential of cell lines was characterised on the basis of structural observations and maturation capacity of somatic embryos. Staining with 2% acetocarmine was applied for structural characterization of chosen embryogenic cell lines. Maturation capacity of cell lines was examined on maturation medium DCR supplemented with 6% maltose, 1% gelrite and growth regulators (2,4-D and BAP) were substituted with ABA (abscisic acid, 25 mg dm -3 ). The embryogenic cell lines were grown on this medium for approximately 2 months. The maturation experiments were repeated twice, with five Petri dishes for each cell line.
After eight cultivation days of chosen embryogenic cell lines on solid DCR medium, 2 g of tissue was resuspended in 25 ml liquid DCR medium (same composition as mentioned above but without gelrite) and cultivated in 100 ml Erlenmeyer flasks on the shaker (100 rpm) in the dark, at 25°C. Sedimented cell volume was measured in each flask after eight days of cultivation in liquid DCR medium. The liquid medium containing the eluate of cultivated cells was taken away, centrifuged for 20 min at 14,000 rpm and 4°C. Supernatant was stored at -80°C. Extracellular proteins present in the supernatants of different embryogenic cell lines were electrophoretically separated on denaturing polyacrylamide gels [38] . Glycolchitin at 1% was added for detection of chitinase activity into the separating gel. Electrophoresis was run at 8°C in a constant electric current of 18 mA (cross section of gel was 109.5 mm 2 ). When the dye reached the separating gel, the electric current was increased to 24 mA. Concentration of proteins excreted to cultivation media by cultivated tissues was measured in each protein sample using the Bradford method [39] . In preliminary experiments we observed relativaly high enzymatic activity of chitinases and glucanases on agarose disks. In light of this, we monitored extracellular chitinases and glucanases by firstly loading 5 µg of protein into the gels. Following electrophoresis, proteins in the gels were renatured in 50 mmol L -1 NaAc (sodium acetate, pH 5.2) and 1% Triton X-100 overnight and then incubated in 0.05 mol L -1 NaAc solution (chitinases) or 0.5 mmol L -1
NaAc (glucanases) for 1-2 hours at 37°C. Chitinase gels were stained with fluorescent dye (Fluorescent Brightener, 10 mg), in 50 ml 0.05 mol L -1 Tris HCl (pH 8.9) and 50 ml H 2 O for 15 min at room temperature [40] . Activity of chitinases was detected by UV light. Laminarin was added into the separation gels for detection of glucanase activity. After renaturing and incubation, gels were fixed in 7% HAc (acetic acid) and 20% MeOH (methanol) for 5 min. Gels were immediately boiled in 1 M NaOH and 0.1% TTC (2,3,5-triphenyltetrazolium chloride) solution for 5-10 min, until the red bands started to appear on the gel. After detection of chitinase and glucanase activities, gels were stained with 0.05% Coomassie Brilliant Blue R-250, 40% MeOH and 10% acetic acid. Molecular weights of separated isoforms of chitinases and glucanases were estimated by comparison with protein ladder (Spectra™ Multicolor Broad Range Protein Ladder 10-260 kDa). The analyses were repeated two to three times for each sample.
Results

Characterisation of embryogenic cell lines
The embryogenic cell lines of Pinus nigra ( Figure 1a) were characterised by the presence of early somatic embryos that differed in structural organisation and maturation capacity depending on cell lines (genotypes). In 12 of analysed cell lines (L14, L68, L69, L71, L73, L76, E263, E266, E323, E324, E325, E326) the embryonal part of somatic embryos had regular outline and consisted of tightly packed meristematic cells subtended by prolonged vacuolised suspensors cells arranged into bundles (Figure 1b) . In these cell lines cotyledonary somatic embryos developed (Figure 1c ) ranging in number from 35 (E323) to 245 (L68) per 1 g of fresh mass inoculum.The cotyledonary somatic embryos were capable of further development and embling regeneration. These cell lines were designated as cell lines with high embryogenic potential. In cell lines L72, L74, E235, E321, E327 and E329 the early somatic embryos were less organised. The embryonal part was built up as a loosely aggregated mass of meristematic cells and the suspensor cells lacked the organisation into bundles (Figure 1d ). These cell lines produced only precotyledonary somatic embryos without emblings regeneration and were designated as cell lines with low embryogenic potential.
The embryogenic cell lines of hybrid Abies alba x A. cephalonica were initiated from immature zygotic embryos (AC78 and AC79), mature zygotic embryos (AC1, AC2, AC4) or from cotyledons dissected from seedlings (AC13). The cell line AN72 (hybrid Abies alba x A. numidica) was initiated from immature zygotic embryos. The embryogenic tissues of mentioned cell lines (except AC79) contained bipolar somatic embryos ( Figure 1e ) and produced emblings [41] . In cell line AC79 no bipolar structures were observed ( Figure 1f ) and no emblings development occurred.
Detection of chitinolytic activity
Chitinolytic activity was examined in cultivation media of 18 embryogenic cell lines of Pinus nigra. There were 12 embryogenic cell lines with high embryogenic capacity (L14, L68, L69, L71, L73, L76, E325, E263, E266, E323, E324, E326) and six with low embryogenic potential (E235, E321, E327, E329, L72 and L74). Separation of proteins originating from cultivation media by SDS-PAGE is shown in Figure 2a . Fractions with chytinolytic activity were quantitatively detected. In most examined embryogenic cell lines (including cell lines with low embryogenic capacity) minimum nine chitinase isoforms with different molecular weights were detected (Figure 2c ). In some cell lines, three additional isoforms were present, with approximate molecular weights of 22 kDa, 20 kDa and 16 kDa. Four chitinase isoforms with molecular weights of 90 kDa, 60 kD, 45 kDa and 25 kDa were present in all tested cell lines. The summary of all detected chitinase profiles is presented in Table 1 . The comparison of the chitinase profiles of individual embryogenic cell lines shows, that the presence or absence of chitinase isoforms does not correlate clearly with embryogenic potential of tested cell lines.
The chytinolytic activity of the extracellular protein fractions was analysed from the cultivation media of seven hybrid fir embryogenic cell lines: six lines with high embryogenic potential (AC1, AC2, AC4, AC13, AC78, AN72) and one cell line (AC79) with low embryogenic capacity. Separation of proteins originating from cultivation media by SDS-PAGE is shown in Figure 2b . Analysis showed that in most tested embryogenic cell lines at least seven chitinase isoforms with different molecular weights were detected, the exception being the cell line AC79, in which chitinase isoform with molecular weight 40 kDa was missing (Figure 2d ). The summary of the detected chitinase profiles of particular cell lines is presented in Table 2 .
Detection of glucanase activity
Glucanase activity was detected from cultivation media of 12 embryogenic cell lines of Pinus nigra. From the lines with high embryogenic potential, lines L68, E323, E324, E325, L14, L73, L69, L71, E326 and from among the lines with low embryogenic capacity, lines E235, L72 and L74. Analysis showed that six glucanase isoforms are present, having different abundance in different embryogenic cell lines (Figure 2e ). Summary of detected glucanase isoforms is given in Table 3 . Profiles of proteins with glucanase activity varied in the embryogenic cell lines of P. nigra. In lines E324 and E325, in the 60 kDa molecular weight fraction a stronger glucanase activity was observed in comparison to the other detected isoforms. Similarly, an isoform with a molecular weight of 35 kDa showed strong activity in the embryogenic lines L68 and E326 and a 32 kDa isoform in line L68. On the other hand, in line L73 we did not detect any glucanase isoforms among the proteins present.
Glucanase activity was detected in cultivation media of six hybrid fir embryogenic cell lines ( Table 4) with high embryogenic potential AC1, AC2, AC4, AC13, AC78 and AN72. Analysis showed that a glucanase isoform with a molecular weight of 35 kDa was present in all examined embryogenic cell lines with the exception of cell line AC2 (Figure 2f ). In the cell line AN72, apart from the mentioned glucanase isoform, we detected another glucanase isoform with a molecular weight of 40 kDa.
Discussion
Suspension cultures provide the opportunity to study the role of extracellular molecules secreted into the culture media in the processes of embryo development as well as to identify molecular markers for somatic embryogenesis among these molecules [42] .
Brandau et al. [43] stated that embryogenic and nonembryogenic suspension cultures of Euphorbia pulcherrima can be distinguished on the basis of products secreted into cultivation media. Extracellular arabinogalactan proteins were necessary for carrot somatic embryogenesis [4] and are present as well in embryogenic suspension cultures of Picea abies [44] . Some extracellular proteins help to determine the embryogenic potential of plant cells in culture longafter the visible morphological changes have happened Table 1 . Summary of extracellular chitinase profiles in cultivation media of Pinus nigra cell lines with different embryogenic potential (EP). [45] . Until now, some protein markers for embryogenic potential were described [16, 24, 25, [46] [47] [48] [49] [50] [51] , as well as a structural marker of embryogenic competency and regeneration ability [52] . Two types of protein markers described in the literature are chitinase and glucanase enzymes. Five different isoenzymes of EP3 belonging High EP to the class IV of plant chitinases, were detected by Kragh et al. [53] in carrot embryogenic cultures and one analogous EP3 enzyme was isolated by van Hengel et al. [21] from Arabidopsis embryogenic suspension cultures. Moreover, Borderies et al. [54] detected several kinds of extracellular proteins, including two chitinases (25 and 28 kDa) and one glucanase (30 kDa) in conditioned media of maize microspore cultures. Petrovska et al. [55] described chitinases and glucanases as potential markers in flax embryogenic cultures. In this work, the above premise was studied on a set of conifer embryogenic cell lines of Pinus nigra, Abies alba x A. cephalonica and Abies alba x A. numidica and characterized by different embryogenic potentials. Preliminary experiments with tissue cultures grown in Petri dishes with a medium containing specific substrates both for glucanases and chitinases confirmed that the tested cultures secreted both types of enzymes with a relatively pronounced activity. The amount of extracellular proteins in the growth media was low (often under the detection limit). We monitored glucanase and chitinase profiles in the cultivation media of 18 cell lines of P. nigra and seven cell lines of hybrid firs. These experiments showed that in any given cultivation medium, there were between eight and 11 or between five and eight different chitinase isoforms present in the cases of P. nigra and hybrid firs, respectively. Their molecular weight varied in the range typical for plant chitinases, e.g. 25-40 kDa [6, 56] . Profiles of extracellular chitinases in media were different not only between hybrid firs and P. nigra, but also among the cell lines of one species, which reflects the heterogenity of tested cell lines. Domon et al. [57] compared profiles of secreted proteins, which were detected on the surface of preglobulary somatic embryos of four embryogenic cell lines of Pinus caribaea and those, on the contrary to our results, were very similar. This study was based on literature presenting the hypothesis that chitinases are potential markers for embryogenesis, confirmed by differences in extracellular protein profiles among embryogenic cell lines with different embryogenic capacity [17, 58] and also between embryogenic and nonembryogenic cell lines [18, [23] [24] [25] 57, [59] [60] [61] . However, our results showed that in the 18 embryogenic cell lines of P. nigra and the seven cell lines of hybrid firs tested, the presence or absence of any one detected isoform cannot be distinctly associated with the high or low embryogenic potential of the tested cell lines. Even though in the case of hybrid firs this conclusion is still not clearly confirmed due to relatively badly detected profiles and only one nonembryogenic cell line tested, the results from the relatively high number of P. nigra lines tested strongly suggests that the qualitative differences of the chitinase profiles are rather the result of the heterogenity of cell lines than a different embryogenic potential. On the other hand, our results can be considered only as semiquantitative, therefore, it cannot be excluded that the activity of some chitinase isoforms present in all protein samples correlates with the embryogenic capacity of different cell lines. Wiweger et al. [19] found that the amount of chitinases secreted by embryogenic cell lines of Picea abies positively correlated with the embryogenic potential of cell lines. Helleboid et al. [23] published similar results: they observed in the medium of the embryogenic cell line of Cichorium a two to eight times higher accumulation of extracellular proteins (e.g. chitinases, glucanases and osmotin-like proteins) in comparison to the nonembryogenic cell line. Apparently, the comparison of qualitative and quantitative data concerning chitinase activity, especially their particular isoforms, in sufficiently large pools of tested cell lines allows clear confirmation or disproves the connection with the embryogenic capacity of cell lines. In previous studies it is generally stated that the presence of chitinases in plant tissues is almost always concurrent with the presence of specific glucanases [30,31,62 and others] . In spite of this fact, we detected in the media of embryogenic tissues, unlike to chitinase enzymes, a relatively low number of glucanase isoforms. Their molecular weight varied between extremes typical for plant glucanases (21 to 45 kDa) [63, 64] . Besides the analysis of extracellular glucanases in nine P. nigra embryogenic cell lines with high embryogenic potential and three embryogenic cell lines with low embryogenic capacity, we detected in particular cell lines a minimum of one and a maximum of four different isoforms from a total number of six. Similarly to the case of chitinases, lower number of glucanases was detected in hybrid firs than in Pinus nigra. In the cultivation media of six hybrid firs embryogenic cell lines either none (line AC2), one (in most of cell lines), or two isoforms of extracellular glucanases (lines AC1 and AN72) were detected. The cell line with low embryogenic capacity (AC79) was not analysed for the presence of glucanases. Regardless of the actual glucanase profile of this cell line, qualitative differences in glucanase profiles cannot be connected to embryogenic potential of particular cell lines either. Our results are in accordance with the findings of other authors, i.e. an increasing level of extracellular chitinases and glucanases accompanies the process of somatic embryogenesis [23, 65] and other processes connected to the development and functioning of reproductive organs [66, 67] . Analyses of profiles of extracellular chitinases and glucanases in cultivation media of embryogenic tissues suggest that these profiles are results of the heterogenity of cell cultures and that the probability of a direct correlation between the presence or absence of particular chitinase or glucanase isoforms and embryogenic potential is low. Anyway, the isoenzyme profiles of these enzymes, together with the ratio of accumulation/activity, can be important components of the embryogenic process.
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